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SUKkARY 



Keasur ement s of control moments were made in the 
NACA stability tunnel to determine the operational char- 
acteristics of a piston— type control booster on an aile- 
ron^ The tests were made on a 6— foot-span and 4~foot- 
chord airfoil which extended completely across the 6~foot- 
square test section. The chord of the aileron was 31 per- 
cent of the airfoil chord and the aileron span was one- 
half that of the airfoil. 

The booster was so constructed and installed that 
pressures picked up from the air stream below the v/ing 
acted on a pair of pistons. The resulting force was 
transm.itted from the pistons to the aileron by a system 
of linkages and gears in such a way that the moment pro- 
duced by the booster increased almost linearly with aile- 
ron deflection in opposition to the hinge moment of the 
aileron. 

The data are presented in the form of curves of pres- 
sure coefficients acting on the pistons, hinge-moment coef- 
ficients, and booster coefficients plotted against aileron 
deflection. The results of the investigation indicate that 
fairly good balance of aileron hinge moments should be ob- 
tained by the use of this type of booster. 



INTRODUCTION 



Vfith the advent of the high-speed airplane and the 
Increased demand for higher rolling velocities, some means 
must be provided to keep stick forces within the limit of 
the pilot ts stren,;?:th^ Several devices for attaining this 
condition are in present use, such as Erise ailerons, horn 
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"balnnces, internal Dc?.lances, tabs, and beveled aileron 
trailin^^ edges, but most of these devices have various 
difficulties which limit their use, 

A new device, the piston— type control booster, has 
been suggested as a method for obtaining aileron hinge- 
moment balance. This device utilizes the force produced 
by the action of air pressure on a pair of pistons, The 
pressure is to be obtained from a pair of ports, one fac- 
ing forv/ard and the other rearward, v/hich are suitably 
located in the air stream. If the pistons are connected 
to the aileron v/ith a system of linkages and gears, the 
booster can be made to supply a counteracting moment that 
varies with aileron deflection in almost any desired manner; 
f or the' pres ent series of tests a booster linkage produciug 
practically a straight line variation of momient v/ith aileron 
deflection was chosen^ This system would make feasible the 
use of plain sealed ailerons with the consequent low drag, 
simplicity of construction, and high aerodynamic efficiency. 
Because the ai ler on— balance area forward of the hinge would 
be unnecessary, the loads on the hinges and aileron struc- 
ture v/ould be less and thus allow the use of lighter con- 
struction than is required with most conventional balances. 
The piston— type balance apparently ' could be ihore easily 
manufactured to give a given hinge— moment' coefficient than 
the- conventional aerodynamic balances, and the adjustments 
required to obtain a.nd • maintain a close balance of hinge 
moments on each aileron could be s bmiewhat • reduc ed. 

The present investigation was made to determine the 
characteristics of a piston— type control booster that \ras 
designed- to be approximately the correc t" s i^e f or balancing* 
one aileron on. a. large modern pursuit airplane/ Tests were 
Diade at tv/o angles of at.tack and two airspeeds for the con- 
ditions of the aileron with' booster, the aileron alone, and 
the booster alone. The data' are presented in the form of 
curves of pressure coefficients acting on the pistons, 
booster— moment coefficients, and hinge— moment coefficients 
plotted against aileron deflection. 



APPARATUS AND KODELS 



A 48— inch— chord airfoil model of Approximate NACA 
23012 airfoil contour equipped v/ith. a plain sealed aileron 
vfas fastened between the wa^ls of the 6— f 6 o t— square test 
section of the Iv^ACA stability tunnel as shov;n in figure 1. 
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The 'airfoil was made of laminated pine with cutav/ay por- 
tions on the upper surface for the aileron ■ linlcage and 
was covered ^^^ith a metal plate rolled to the contour of 
the uppor surface, The aileron v/as made of sheet dural 
and v./as designed v/ith a straight taper from the hinge 
line to the trailing edge; "because of difficulties en- 
countered in construction, the aileron had a slightly 
turned dov/n trailing edge^, Mo great care., however, was 
maintained to hav.e the aileron or airfoil conform to the 
designated airfoil oonrour hecause of the intention to 
represent ailerons in general^ 

The aileron, was connected by moans of a shaft to a 
calibrated spring and sector hinge— moment "balance, which 
was rotated for changes in aileron deflection. This 
shaft was geared to the control "booster, which converted 
pressures o"btained from two ports located oelaw the air- 
foil in the tunnel into moments opposing the hinge mo- 
ments produced "by the aiieron^ The positions of the 
ports, one facing upstream and one downstream, are shown 
in figure 2. The method of connection of these ports to 
the "booster is shown in figure 3^ 

The control "boosterj which was designed to give 
sufficient "boost to balance approximately one aileron on 
the P— 47 , airplane or two ailerons on the P— 51 airplane, 
consists of a pair of pistons mounted in two diametri- 
cally opposed cylinders and connected by a system of 
linkages; thus, the force acting on the pistons is con—' 
verted into a moment Which varies almost linearly with 
aileron deflection. The booster was connected to the 
aileron shaft by means of spur gears that gave a ratio 
of booster motion to. .aileron motion of 2.4o The booster 
was installed with the pistons at the outer extremities 
of their travel when the aileron deflection v/as zero. 
With this installation, the booster gave no moment v/ith 
zero aileron deflection, Figures 3 and 4 show the de- 
tails of the booster mechanism. 



SYMBOLS 



The hinge moments and pressures were reduced to 
standard coefficients, v/hich are defined as follows: 

Chg^ aileron hinge-moment coefficient ( H^^/ qb^^Cg^^ ) 
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"booster—moment coefficient ( M'b/Pjiq.ad ) ^ Tor the 
particular ratio of wing and aileron dimensions 
to "booster dimensions used for these tests. 



0.. - r^^^ 0. 



resultant pressure coefficient (Ap/q) 
Ap pressure difference across either piston in "booster 

ailc-ron hinge moment 
Mt3 "booster moment a"boiit aileron hinge line 
"bg^ aileron span 
Cq^ aileron chord 

a qr OS s— s ec t ional area of one "booster piston • 

d length of center booster link (2»19 in, as shown 
on fig. 3) 



dynamic pressure of air stream (~pV^) 



V free— stream, velocity 

p density of air (mass per unit volume) 
a angle of attack 

6g^. aileron deflection relative to v/ing; positive when 
trailing edge is down 

TE.STS 



Measurements of moments were made for the conditions 
of aileron alone, "booster alone, and aileron—booster com— 
"bination for control disl? angles corresponding to a range 
of aileron deflections from -16^ to l8^o Pressures to the 
"booster v/ere measured for the "booster alone and for the 
aileron— "boos ter com"binat i on^ Tests were made at angles of 
attack of 0^ and 9o5^ and at dynamic pressures of 25 and 
65 pounds per square foot, corresponding, respectively^, to 
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speeds of approximately 100 and 162 miles per hour. 
Measurements of the moments produced "by the booster 
alone were also made with these conditions, "but with 
aileron angles of —0.1^ and 10,1^ for angles of attack 
of 0^ and 9.5^, respectively. Because the moments pro- 
duced "by the booster were large, unsta"ble, and there-* 
fore difficult to measure^ the range for .the high—speed 
condition was limited. 

The aileron hinge momen^ts and the "bo-oster moments 
were measured "by a spring and sector balance, and the 
pressures were read from an alcohol inanoinet er. Because 
of the large amount of friction in the booster, the 
moments were measured by approaching, from each direc- 
tion^ the angle corresponding to the desired aileron 
deflection. Figure 5 shows a typical variation in the 
boos ter— moment coefficient 0-5 obtained oy so approach- 
ing the angle setting. The average of the two moment 
readings was used in computing the coefficients pre- 
sented^ 

It is believed that a large part of friction in the 
booster was caused by the cup seal used between the pis- 
tons and the cylinder walls; much of this difficulty 
could be avoided, however, by the use of a close— fit t ing 
pit-ton or a packing seal, that would not expand with pres- 
sure. Another factor contributing to high friction was 
the dependence of the piston alinement upon a perfect 
fit of the connector links. Pl?y in the links and un- 
equal friction around the piston periphery caused the 
pistons to assume an o"blique position in the cylinder, 
whicn caused binding on the rod passing through the cen- 
ters of the pistons. During this investigation, an in- 
crease in tunndl speed was found, to increase appreciably 
the friction in the booster. 



RESULTS AND DISCUSSION 



For convenience, the results of the aerodynamic 
characteristics of the aileron— boost er combination and 
of the booster alone are discussed separately. 

ar a c t e r 5^ s^ 1, C s,_ o f _ ai 
c qmb inat ion The hinge-moment coefficients, uncorrected 
for tunnel-wall and blocking effects, are given in fig-, 
ures 6 and 7 for the aileron alone and the aileron-booster 
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comlDinat ion. At each of the two angles of attack used 
in the tests the aileron floated upv/ard, as shown 
the position at which the curve of the aileron alone 
crosses the zero hin^^e— mor-en t ordinate. The large 
floating angle was caused "by the lift on the wing and 
"by the turned— down trailing edge on the aileron. With 
booster connected, the floating angle of the aileron 
reached a very large value "because the position of the 
"booster linkage for zero booster moment did not corre- 
spond to the position for zero Aerodynamic moment of 
the aileron. The "booster linkage could have been set 
for zero boost at the floating angle of the aileron 
for any chosen angle of attack, but this position would 
not correspond at other ane^-les because of the change in 
aileron floating angle with angle of attack. If the 
linkage had been set to correspond to the floating angles 
for the angles of attack tested, the principal result 
would have been an upward shift of the curves of booster 
alone and of aileron— boost er combination. When the ver- 
tical location of the hin ^^e—moment curves is neglected, 
the curves compare favorably with the hinge-moment char- 
acteristics of some of the balanced ailerons now in use. 

An inherent characteristic of the booster is that, 
when the pressure to the booster is held constant, the 
moment supplied by the booster is a function of aileron 
deflection and not of aileron hinge moment. Because the 
pressure-inlet ports of the booster were located below 
the wing, a change in lift caused a change in local pres-— 
sure, with the resiilt that the moment produced by the 
boo&ter was a function of angle of attack and aileron 
deflection as well as of the angular position of the 
booster linkage. The variation in pressure supplied to 
the booster caused by changes in angle of attack and in 
aileron deflection is shown in figure 8. The pressure 
decreased with an increase in angle of attack or in aile- 
ron deflection. The decrease in pressure caused by an 
increase in angle of attack is advantageous because the 
pilot experiences additional "feel" at low speeds where 
the usual control has a tendency to be light. The de- 
crease in pressure caused by aileron deflection may or 
may not be advantageous, depending on such factors as 
the pressur.e— port location and the type of linkage used 
betv/een the ailerons. 

The curves of pressure coefficient at a = 0^(fi^% 8) 
differ by approximately 5 percent for the two values of 
dynamic pressure used in the tests. It is possible that 
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a large portion of the difference- was caused "by scale 
effect; however, investigation of the exact cause of 
this difference was not considered important "because 
these pressures would not "be tne same for an actual 
installation in an airplane. 

The location of the pressure ports would pr.esent 
a different problem for each airplane. The- determina- 
tion of the m.ost suitable location would necessitate 
survejrs to select a location having the most desirahle 
pressures throughout the flight range, This location 
should, if possiblej afford a maximum difference in 
pressure coefficient across the "booster and yet have a 
favorable relative decrease in pressure coefficient at 
low speeds to retain an appreciable amount of '^feel" 
in the control. One desirable location for the pres-*. 
sure ports might be on the lower surface of the wing 
ahead of the aileron in such a position that the incre- 
ment of pressure due to rolling would counteract the 
increment of pressure caused by aileron deflection. 
If such a locatioxi oould be found^, it would keep the 
actuating pressure almost constant, except for the 
favorable decrease in pressure caused by change in angle 
of attack. 

Characteristics of booster alone.^— Because the mo- 
ments produced by the booster alone are dependent only 
on its dimensions and the pressure available, the re- 
sults obtained with the booster alone are pre.sented in 
terms of a moment coefficient Ct), which is based on 
the area a of one piston, the length d of one center 
booster link, the coefficient of the pressure difference 
Pi^ across either piston, and the dynamic pressure q, 
For the particular aileron— boos ter combination used in 

/ 94, 

this investigation = ( I Chq. Tor any other conHr 

bination, however^ the relation would be different. 

The boo s t er--moment coefficient C"b, as computed 
from the test results and from the dimensions of the 
booster, are plotted against S'a in figure 9» The gear 
ratio between th'e booster motion Knd the aileron motion 
is 2.4 t*o 1, A theoretical curve^ computed from the 
booster dimensions, that has aii almost constant varia- 
tion with fig^ is presented for comparison. Some of the 
exp ^.r imental curves have a slightly greater slope than the 
theoretical curve and all have a step near zero deflection. 
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An accumulation of factors such as mi salinement of 
the booster .linkage with 6^ = 0^, fr.iction^ and play- 
in th.e "b.oos.ter mechanism prohably contributed to the 
failure, of the experimental curves to agree with the 
theoretical curve. Play in the "booster gears and link- 
age allowed the booster linkage to move through a small 
angle with no movement of the control dlske In operation 
this movement,, which causes a sudden change in booster 
moment with no change in control— disk angle, would occur 
near the zero— moment position of the booster .linkage 
where the moment exerted by the booster changes sign. 
The . re suit . of this movement is shown iA .figure 9 by the 
step in the curves at appr oxima-tely the .zero booster— 
mojnent position, 

A coiLparison of the experimental, results with theory 
indicates that the jnom^nts .produced by t'he, boost e.r can be 
computed fairly closely and. that the difference between 
experiment and theory would decre.ase v/it.h .a decrease in 
friction and lost motion in the booster. The slight dif- 
ference in slope of some of the experii^en tal curves and 
the theoretical curve is probably due to looseness in the 
linkage, which effectively causes a slight change ii; the 
ratio of the lengths of the links. 



COlTCLUDIiTC- HEKAHKS 



The .investigation of the operational characteristics 
of a piston— type control booster indicates that fairly 
good balance of aileron hin^^e moments should .be ootained 
b^ use of this booster^ Attainment of a alose balance 
of aileron hinge moments may be difficult,; however, be- 
cause the booster mci^ent is not direct ly dependent upon 
the aileron hinge moment, C^hanges in local pressure 
about an airpl ane pot different flight conditions make 
it necessary to. choose the location for booster pressure 
ports carefully, the most suitable location on a partic- 
ular airplane being determined by tests. 
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Figure 3.- Schematic diagram of piston-type control 
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Figure 4.- Photograph of booster mechaniem. 
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Figure 5.- Effect of friction on the "booster-moment coefficient. Mo- 
ments were recorded v/hile rotating the booster mechanism 
in the direction indicated "by the arrov/s. a = 0^; q = 25 pounds per 
square foot. 
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?igare 6.- effect of the piston-type control booster on aileron hinge- 
moment coefficients, q. = 25 pounds per square foot. 
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Figure 7.- 



Effect of the piston-type control booster on aileron 
hinge-moment coeff icient-s. q = 65 pounds per square foot. 
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Figure 8.- Pressure coefficients at various aileron angles for the 
piston-type control "booster. 
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Figure 9.- Booster-moment coefficients at various aileron deflections. 
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